We investigated the effects of temperature and photoperiod on development and oviposition of Frankliniella occidentalis. Even though the developmental periods of eggs, larvae and pupae were shorter at 20°C than at 15°C, no significant difference in the developmental periods was observed between long photoperiod (16L:8D) and short photoperiod (10L:14D). The longevity of adult females was longer under short photoperiod than long photoperiod at 15°C. Fewer eggs were laid per female per day under short photoperiod than long photoperiod at 15°C, but no significant difference in the total number of eggs was observed between the two photoperiods. Furthermore, average pre-oviposition periods under short photoperiod were similar to those under long photoperiod at the same temperatures and adult females continuously oviposited at 15°C under both photoperiods. These results indicate that the F. occidentalis tested undergoes no reproductive diapause under short photoperiod.
INTRODUCTION
The western flower thrips, Frankliniella occidentalis is an alien insect pest in Japan (Hayase and Fukuda, 1991; Katayama, 1998a, b; Saeki, 1998) . The thrips was first recorded in Chiba and Saitama Prefectures in 1990 (Hayase and Fukuda, 1991) and is presently distributed throughout most of Japan (Katayama, 1998a, b; Saeki, 1998) . The thrips has become a major pest, damaging many host plants by feeding (Katayama, 1998b) and is a vector for tomato spotted wilt virus (Kato and Katayama, 1998; Sakurai et al., 1998) . Understanding whether the thrips undergoes diapause is important to effectively control this pest in fields and greenhouses. Reproductive diapause of thrips has been reported in F. intonsa (Murai, 1988) and Thrips nigropilosus (Nakao, 1994) . Adult females of F. intonsa reared under long photoperiod began to oviposit within three days after emergence, but they did not oviposit for more than 20 d under short photoperiod (Murai, 1988) . The pre-oviposition period of T. nigropilosus adult females was three days at 18°C under a long photoperiod and more than 26 d under a short photoperiod (Nakao, 1994) . These results show that the two thrips species undergo a reproductive diapause under short photoperiod. In F. occidentalis, when adult females were reared at 25°C under short photoperiod, they did not stop ovipositing, showing that this species undergoes no reproductive diapause under short photoperiod (Brødsgaard, 1994) . In T. nigropilosus, however, a reproductive diapause occurred at 18°C under short photoperiod, but not at 25°C (Nakao, 1994) . In general, even though insect diapause is induced by short photoperiod, the effect of short photoperiod is reduced or masked at high temperatures (Danilevsky, 1961) . In this study, to clarify the reproductive diapause of F. occidentalis, we investigated the effect of photoperiod on development and oviposition at moderate temperatures of 15°C and 20°C.
MATERIALS AND METHODS
Insect. F. occidentalis were collected as adults from chrysanthemum flowers in Hamamatsu, Japan in 1993. The stock culture was maintained on ger-minated broad bean seeds (Vicia fava) at 25°C under long photoperiod (16L:8D) (Murai and Loomans, 2001) .
Effects of temperature and photoperiod on development of eggs, larvae and pupae. Eggs laid in water were collected on a filter paper daily with an aspirator (Murai and Loomans, 2001) , and about 20 eggs were individually transferred onto moist filter papers. The papers were placed in Petri dishes (9 cm dia.), and the dishes were placed in incubators, adjusted to four conditions, 20°C and 15°C under long (16L:8D) and short (10L:14D) photoperiods. Newly hatched larvae and tea pollen were placed in a glass tube (2 cm dia.ϫ2.5 cm long), and the ends of the tube were covered with Sealonfilm ® (Fuji Photo Film Co., Japan). The pollen was exchanged every other days.
Effects of temperature and photoperiod on oviposition and longevity of adult females. Newly emerged adult females obtained in the above experiment were subsequently used in this experiment. Females were individually transferred to the above glass tubes with tea pollen, and the tubes were placed in the incubators, adjusted to the four conditions. The pollen was exchanged every other days. Pre-oviposition periods at 15°C and 20°C were recorded daily. The numbers of surviving adult females and eggs laid at 15°C were counted daily. The survival rates of adult females were calculated by Kaplan-Meier analysis (Kaplan and Meier, 1958) .
Statistical analysis. The Mann-Whitney U-test was used to compare the developmental periods of eggs, larvae and pupae, pre-oviposition periods, total number of eggs, numbers of eggs per female per day and survival periods of adult females between short and long photoperiods at 15°C and 20°C. The Log rank-test was also used to compare the longevity of adult females under both photoperiods (Peto et al., 1977) .
RESULTS

Effects of temperature and photoperiod on development of eggs, larvae and pupae
The developmental periods of eggs, larvae and pupae at 15°C under short and long photoperiods were 6.5, 10 and 7 d, respectively (Table 1) ; the developmental periods at 20°C were 4, 8.5 and 4.5 d, respectively. No significant difference in the developmental periods was observed between short and long photoperiods (pϾ0.05). However, the developmental periods at 15°C were longer than those at 20°C (pϽ0.01).
Effects of temperature and photoperiod on longevity and oviposition of adult females
Fifty percent survival periods of adult females at 15°C were about 30 d under long photoperiod and about 80 d under short photoperiod (Fig. 1) . All adult females reared under long photoperiod died within 70 d after emergence, but about 20% of the females reared under short photoperiod survived for 100 d.
Average pre-oviposition periods were two to three days after emergence at 20°C and four to five days at 15°C (Table 2 ). All females examined laid eggs within 12 d after adult emergence. The oviposition period was longer for females reared under short photoperiod than under long photoperiod at 15°C (pϽ0.01) (Fig. 1) . The number of eggs laid per female per day was smaller under short photoperiod than under long photoperiod (pϽ0.01). However, no significant difference in the total number of eggs laid was observed between short and long photoperiods (pϾ0.4). Furthermore, all adults laid eggs continuously even under short photoperiod.
DISCUSSION
The developmental periods of eggs, larvae and pupae reared at 15°C were delayed by two to three days at each developmental stage compared to those reared at 20°C. A difference in developmental periods was thus observed between 15°C and 20°C (pϽ0.01) as reported by Katayama (1997) and McDonald et al. (1998) . However, no significant difference in the developmental periods was observed between short and long photoperiods at the same temperatures (pϾ0.05), indicating that no diapause occurs during development from egg to pupa.
The shortest pre-oviposition period of F. intonsa adult females was 27 d after emergence under short photoperiod at 20°C, and the longest was three days under long photoperiod (Murai, 1988) . From these results, Murai (1988) indicated that F. intonsa adult females were sensitive to diapause-inducing photoperiod and reproductive diapause occurred in adult females which did not lay eggs within 20 d after emergence. Nakao (1994) also observed similar results in T. nigropilosus female adults. In the present experiment, even though significant difference in average pre-oviposition period was observed between long and short photoperiods at 20°C (pϽ0.5%), the difference was only one day. On the other hand, no significant difference in average pre-oviposition period was observed between long and short photoperiods at 15°C. The shortest and longest pre-oviposition periods were nine and 12 d under short photoperiod, and three and nine days under long photoperiod, respectively. The difference between the longest and shortest pre-oviposition periods in F. occidentalis was much smaller than that in F. intonsa and T. nigropilosus. Furthermore, all females continued ovipositing under short photoperiod. These results show that F. occidentalis undergoes no reproductive diapause as reported by Brødsgaard (1994) .
T. nigropilosus adult females which undergo reproductive diapause at 18°C under short photoperiod have a shorter oviposition period and lower fecundity under short photoperiod than those under long photoperiod (Nakao, 1993) . In the present experiment, there was no significant difference in the total number of eggs laid under either photoperiod at 15°C (pϾ0.1). However, the number of eggs laid per female per day was smaller under short photoperiod than under long photoperiod (pϽ0.01). Furthermore, the longevity of adult females reared under short photoperiod was longer than those under long photoperiod. The general activity, including feeding activity of thrips, is known to be higher in light than in darkness (Murai, 1988) . Low food consumption induced by longer darkness may lower the number of eggs laid per female per day and prolong the longevity of adult females at 15°C under short photoperiod.
From these results, we determined that the population of the F. occidentalis used in the present experiment underwent neither diapause during the egg to pupal stages nor reproductive diapause during the adult stage under short photoperiod. 
